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ABSTRACT: A comparison was made of const-3nt current an,! capacitor
discharge ignition of normal lead styphnate in the time regime
typically employed foz firing initiators by each type of signal.
The loading pressure was varied from 2,500 to 60,000 p-i. For
the regimes sti;died, as the explosive loading pressure was in-
creased, constant current activation gave ionger ignition times
bnt capacitor discharge fitinq gave shorter ignition times. The
energy requirement for ignition increased with loading pressure
for constant current ignition, and was constant for capacitor
discharge ignition.
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COMPARISON OF CONSTANT CURRENT AND CAPACITOR DISCHARGE IGNITION
OF NORMAL LEAD STYPHNATE

This report compares the effects of constant current and capacitor
disaharge activation signals (used in their typical time regimes)
on the igniticn of normal lead styphnate over a range of loading
pressures. The work was performed under task ORD 332 01/UF17 354
314 Problem 20i, Explosive Initiation and Safety.

The results should be of interest to persons engaged in initiation
rezearch and in the design off electrical initiators and power
supplies therefor.
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INRODUCTON

1.The effective utilization Of explosives and explosive trains
requires a thorough understanding of the in tiation process and
the growth of explosion. Marty factors aff~cting the initiation
of explosives in explosive components have still not been explained.
Further studies of these factors, both chemical and physical, is
needed in order to build safe, reliable, and effective fuze trains.

2. There is-increarsing interest in the effect of various olectrical
activation signals upon thermally activatted electro explosive devices
(BED's). For example, military specification JPL-1-23659 for- in-

;E sensitive SED's places upper (all fire-5 amperes, 50 milliseconds)
and lower (no fire-I ampere: 5 minuteav) limits on the constant

- current sensitivity, makinig the constant current characterictics
and fufictioning times of designer initerest .1 BED's meeting the

Fff_ above requirements must sometimea be fired by capacitor discharge
firing_ circuits, -thbereby also Senerating interest in the pulse
fifring chAraterk-stics and functioning times.2-

3. Normsl lead styplhnate (NWS) is probably the most widely used
ignition material in ED'S. Although ;onsidefed a ielatively poor

RE initiating material, A~s is easily ignited by a hot wire and has
good storage properties.

4. The effects of loading nressure on the hot wire ignition of
normal lead styphnate by capacitor discharge have been previously
investigated. 3  it was found that the capacitor disclaarge energy
requirement of IlLS remains fairly constant over a wide leading
pressure range and the average ignition tim decreases as the load-
ing density in increased. in this report, the effects of loading
density on the constant current ignition of IlLS are examined and
a comparison is made with the capacitor discharge ignition results.
The investigation was mrade with a wire size t1-ypical of current EED
use., and the results are believed to be applicable to larger diameter
wires used in insensitive EED's.

LI
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EXPERDIAWrAL

5. The effect of loading density on the 4constant current ignition
time and energy requirement of NWS was ihvestigated-at three loading
pressures - 2,500 psi, 10,000 psi, anid 60,000 psi. The time of
ignition was determined by two sep'arate techniques - the "voltage
inflection technique*4 .,5 and the 'light pipe techniquew6 s-o that
a comparison could be made of the two methods. Results were also
compared tith those obtained previously by capacitor discharge. 3

6. FiigCircuit -A d.c. power supply in conjunction with a
merury wttea =mlisecond switch was used to produce the const~int
curren~t pulse. f The circuit contains -a 15.-ohmballast r.2"istor.

-A constant current Level of O-3 ampere was used for ignition because
this value gives ignition times withim the -control period of the
switch and will not burn out the bridgewite during the time region
of interest. An equivalent registor (w Ithin 0.25 ohm of the bridge-
wire resistance to be tested) was ftirst-substituted before each
shot to regulate to the desired current level of 0.3 amapere.

7. Initator"jug --A specially modified initiator plug was used
for loadi g hexposive on the bridgewire. A hole was drilled
axially through the initiator plug between the-two contact pins,
and a light pipe patted in this hole so that radiation from the

- ~ initial reaction of the explosive could be detected and-trartsmitted
to a photodetector tube. see Fig. 1. The light pipe method is
describ)ed fully in SiOUR 69-148. The plug is bridged with a-1-mil
diameter nichrome wire having an effective length of 0:050 after
soldering to the contact pins. This bridgewire has a resistance
range of 2.5 to 4.0 ohns,-

8. Rec-order - A Tektronixc 555 Dual-beam Oscilloscope with two
fast-rici7t pe K preamplifiers was used to observe the voltage
across #.he wire and the photodetector tube signal. The voltage

"nlectior. techniquie for deteimining the ignitica time requires no
specital equipment other than a means of monitoring the voltage
(.Ia drop) across the bridgewire during the current pulse. InM addition
to determining the time of ignition, the observed voltage chang was
employed to determinie the bridgewire temperature. For ItslTe
purpose it is difficult to mak~e precise measurements of the voltage
criange across the wire when the entire signal amplitude is-observed,
since there is only a 4-8% increase in resistance- before ignition
occurs. Figure 2A Shows the voltage signal obtained with a bare

2
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bridgewire usinq a 72 millisecond duration pulse. in-crder to amplif
the voltage change in the signal by using a high oscilloscope sensi-
tivity, the beam spot must be set well below the viewing screen,
then only the signal portion of interest is observed. See Fig. 2B.A variable bucking voltage can be employed if necessary to lower
the beam spot if the oscilloscope vertical pcsition dial does not
provide sufficient latitude.

E9-9k

3
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RESULTS

9.Constant current pulses of 0.3-anpere a=zlitude mtaintainled for
a longer period than necessary for tiring, were used to fire ten
loaded initiator plugs at tacit of the three loading pressrers- The
Ignition times were Onsenve'; by the -otg netn
and the 'Ii;ht pipe techniques. The two %*b~ewre- found to
corroboralte each other3 Indica-ting the SamZC. ignition time witbin
the resoluition of tbe dillieconad s-weep sneeds.. Sec Ficg 3 ;--. Te
average tiiAte of ignition was foumnd to incrtease 3mrkedWy and the
calculated tear.,*rat-ure* of the brdge--Ire at the time of ignitioni
to drop with increasinc bla~ingq pressure. See Table T..

10. Several of the wire tenperature excursions were cbserve to
be quite irrarcular uh-en subjected to -a constant cLrent Pualse.
See Fiq 33. Prevulstng of all the tLast initiator plus bfre-
lzs ding was used to -3inmirnize the 'irregular cbtanzek. Prapdaltt
of the bridce-ire With a 0.5-micro! arad capato a ae t ~
volts before loading of the exab mosive tentO to prothice a o-Xre lnear
resistance chance- -but does not entirely r=0v aei~euaiis
Irregularities were found to' be more Prevalent at the 2,500-_ti
&oa-ding pressure and drop exff as the loadia -pressure is increased.
No irrecul1ar resistance changes were observced at the 60,000-nsi!
loading pressure. FrC-, this observatk~n, onec miigbt snnaise that

the irre-cularitbsaelaeydet stress relief frozm -.ire
rceetdurinc t,'he hrcati~r and/or cbarnaes in th61ermal ccntact with2a

the exclusive._

*Calculated fron Wire resx*_tanc ,, aSS!2z no Linear :;ncrease of
resist-ance with temperature inobserved region -
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14. When the explosive is poorly coupled (low .ensity) to the
nichrome bridgewire, keeping the radial loss of heat from the wire
at % low rate, the resiscance rise due to heating effects will
occur at a relatively rapid rate. See Fig. 5. Therefore, the
power input to wires in contact with low density explosive will
increase more rapidly than to wires in good thermal contact with
the explosive. The low density explosive will conduct heat away
frorm the bridgewire at a low rate due to its joor thermal contact
to both the wire and with itself. One might then anticipate that
the fast bridgewire heating observed with low density explosive,
coupled with the poor heat transmission through the low density
explosive will cause ignition of a critical volume of NLS much more
rapidly than a wire in good contact with the explosive. This is
observed to occur even though a higher ignition temperature exists
for the explosive due to the shorter period of heat exposure.

15. An important controlling factor appears to be heat conduction
through the explosive away from the granules adjacent to the wire.
See Table II, The table indicates that under the non-adiabatic
conditions of the constant current pulse, the heat loss is an
important factor in determining the probability and time of ignition.
Of interest to the present study is a paper by Austing and Weber
who in the examination of the constant current ignition of metal-
metal oxide mixtures noticed that increases in density increased
the time to ignition.9  Even though the thermal conductivity of NLS
is approximately three magnitudes lower than the metal-metal oxide
mixtures, the heat transmission is sufficiently affected by the
loading density to exhibit the same type of effect.

16. In constant current initiation the longer the required period
of current flow, the greater the energy requirement. Therefore,
the denser the NLS, the greater the ignition energy requirement in
the non-adiabatic time region.

17. Capacitor Discharge - During a capacitor discharge, for the
experimental parameters used, the wire heats rapidly, reaching the
maximum temperature near the end of the discharge. It then under-
goes a comparatively long cooling cycle. See Fig. 6. The NLS
can ignite either during the course of the temperature rise or
during the cooling period of the wires In the present constant current
tests however, ignition must occur during the temperature rise since
the pulse length was made intentionally longer than the ignition time.

18. Capacitor discharge parameters commonly used to effect hot
wire initiation usually give initiations in the microsecond time
region. I3yring, et al, in studying heat conduction into a grain
of 100 u diameter have shown the grain surface requires 1 to 10
microseconds to reach the temperature of the hating bath. 0 The 10
center of the grain can remain cool for times up to 100 microseconds.
See Fig. 7. The diagrams are for a fully immersed grain. For a
comparison with wire heating, one can assume heat entry from only

6
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one surface with a grain thickness of 5 - 10 u. Only the first
few layers of explosive adjacent to the wire will be of importance
for discharge times in the order of microseconds.

19. Even for the short times involved in a capacitor discharge,
the temperature excursion of the bridgewire is dependent upon the
degree of coupling to the explosive. A wire poorly coupled to the
explosive (low density) will reach a higher temperature and cool
at a slower rate than one in good thermal contact with the explo-
sive.3 This indicates a slower transfer of heat from the wire to
the explosive. In general, the poorer the therwal cvntact, the
later the time of ignition due to the slower heat transfer. Even
with fairly good coupling, the temperature of the explosive would
be expected to lag that of the wire as indicated by the results of
Eyring, et al. If ignition does not occur on the temperature rise
of the wire, and the wire temperature remains above the ignition
temperature of the explosive, heat transfer will continue and
ignition can occur during the wire cooling phase. Ignition is
possible until the wire temperature drops below the explosive igni-
tion temperature.

20. The energy requirement for the ignition of NLS remains constant
over a wide density range even though the heat capacity of the
bridgewire system increases with loading pressure. The exact
explanation is unknown at this time but it appears to have some
connection with the rate of heat transfer. Greater heat losses
to the inert parts appear to occur at the lower densities because
of the slower heat transfer to the explosive, thereby equalizing
the energy requirement over a wide density range.

21. implications - It can be surmised from the above discussions
that for fast rates of energy input the thermal contact resistance
between the wire and the explosive is of prime importance while
for slow rates of energy input, the energy input rate in comparison
-;o the cooling time is of prime importance. It is well known in
capacitor discharge work that as the capacitance is increased and
the firing voltage decreased, more energy is required for firinG
since the initiation process becomes non-adiabatic. Conversely,
as the constant current level is increased, the initiation process
approaches an adiabatic condition and less energy is necessary.
The phenomena observed therefore, cannot be attributed to the type
of waveform used, but to the time regime in which each waveform
is typically employed. One would therefore expect that as the
input times from the two types of electrical signals approach each
other at some intermediate time region, density effects upon the
ignition time would gradually lessen because of the opposing
tendencies with perhaps the cooling effect predominating.*

*Measured cooling time constants for the experiments reported here
are 2600 microseconds at 2.5-K psi loading pressure and 1400 micro-
seconds at 60-K psi loading pressure. Thermal lag effects appear
to be important up to 100 microseconds.

7
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22. The results are of interest in the design of insensitive EED's.
They show that the insensitivity of NLS (and most likely other
styphnates) to non-adiabatic constant current ignition can be in-
creased* by increasing the loading pressure and yet not affect the
energy sensitivity to capacitor discharge. The occurrence of faster
ignition times with capacitor discharge initiation as the loading
pressure is increased would in most cases be considered a favorable
condition.

23. Analysis of hot wire initiation is sometimes limited to a study
of the bridgewire temperature history. It can be seen from the
constant current results that the relationship between -the bridge-
wire temperature and the probability of initiation can be somewhat
tenuous over an experimental parameter range (i.e., density) where
ignition temperatures varying from 339 to 4500-C were derived from
the wire resistance change. The relationship between the bridge-
wire temperature and the probability of initiation depends upon
such diverse factors as thermal contact resistance, variation of
explosive initiation temperature with time of exposure to heat
source, radial loss of heat, and particle size of the explosive.
The bridgewire temperature has been successfully used for mathema-
tical predictions based upon a specific set of conditions, but care
should be taken when there is any parameter variance.

*A Five to one constant current energy increase was effected under
the experimental conditions. See Appendix A for supplemental tests
with an insensitive bridge element.

8
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CONCLUS IONS

240 The effect of loading density on the ignition of XLS depends
upon the type of electrical activation signal. For very short
activation times (miicrosecond regjion) the thermal contact resistance
between the bridgewire and the explosive appears to be of prime
importance. For longer input times-(millisecond riegion), heat loss
through the explosive appears to be the prime consideration.

25. The time of ignition and energy requirement of kILS will in-
crease with increasing density when employing a constant-current
pulse in its typical time regime (non-adiabatic -region). This
technique can be employed to assist NLS to neet the 1-amp/i-watt
no-fire requirenient of kM-X-23659.

26. At high constant current inputs (ca. 5 amperes) where adiabatic
conditions are being-approached, changes in the density of NLS have
a negligible effect upon the time-of ignition and-energy req;uire-

27. Studies relating the bridgewire temperature to the probability
- -~ of initiation should be carefully examined when any parameter is

varied.

9
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FIG. I MODIF.ED INITIATOR PLUG
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APPENDIX A

F
A.l. The effect of loading pressure on the sensitivity of NLS with

the Kk 101 type 1-amp/i-watt ribbon bridge2 was briefly examined to
determine if the investigation results were applicable to actual
hardware. The plug element oniy was employed in these tests. It
consists of the glass/kovar plug, the evanohn bridge element, plastic
insulator, and aluminum charge holder. See Table A-1.

A.2. The results in Table A-I show that the insensitivity of NLS
can be increased at the lower current levels (non-adiabatic region)
by increasing the loading pressure. At the 5-ampere "all fire
level", the increase in insensitivity is negligible (as one would

E expect when approaching adiabatic conditions) and the ignition time
will be well within the 50 millisecond functioning requirement of
KIL-I-23659.

I
IA-
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TABIE A-I

CONSTANT CURRENT TEST RESULTS FOR NLS ON

I-AMPERE/i -WATT RIBBON BRIDGE

Current Loading Pressure Resistance Time of Results
(amps) (K psi) (ohms) Current

Flow

1.2 10,000 1.24 5.0 mins No fire

1.2 10,000 1.26 0.82 " Fired

1.2 10,000 1.27 1.48 " Fired

1.2 10,000 1.28 0.55 Fired

1.2 10,000 1.28 2.87 " Fired

1.2 60,000 1.23 5.0 mins No fire

1.2 60,000 1.27 5.0 " No fire

1.2 60,000 1.28 5.0 " No fire

1.2 60,000 1.28 5.0 " No fire

1.2 60,000 1.28 5.0 " No fire

5.0 10,000 1.27 4.3 msec Fired

5.0 10,000 1.29 2.6 " Fired

5.0 10,000 1.31 2.6 " Fired

5.0 60,000 1.27 2.9 ,nsec Fired

5.0 60,000 1.28 2.7 Fired

5.0 60,000 1.29 6.2 Fired

A-2
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